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INTRODUCTION
Dipterocarpaceae is an important Asiatic tree family with three sub families, Dipterocarpoideae, Monotoideae and Pakaraimoideae, containing seventeen genera and approximately five hundred species. A number of stilbenoid (C 6 -C 2 -C 6 ) oligomers also called resveratrol oligimers have been isolated from this family. [1] The oligomers in this family have a variety of molecular frameworks resulting from different oxidative condensation of the nucleus in the dihydrofuran ring, benzocyclopentane ring, dibenzol, heptadiene system and dibenzobicyclo octadiene system. They include di-, tri-, tetra-, hexa-, hepta-, and octa stilbenoids. Stilbenoid derivatives have biological activities such as anticancer, antibacterial, antiviral and anti-inflammatory. [2, 3] Plants of the sub family Dipterocarpoideae are the main sources of stilbenoid oligomers. In addition to stilbenoid oligomers, triterpenes and sesquiterpenes are found in plants of this sub family. [4] Thus, Dipterocarpacea plants are very promising for chemical research in natural products and the pharmaceutical industry.
Vateria copallifera is a plant endemic to Sri Lanka that belongs to the family Dipterocarpacae. [5] Decoction of the bark is used in the treatment of rheumatic pains, ulcers, diarrhea, and diabetes mellitus in traditional medicine. [6] Flowers and fruits are used to treat various ailments such as nervous system diseases, vision problems, ear diseases, gastrointestinal tract infections, cardiovascular diseases and skin diseases. The oil extracted from seeds is used in the treatment of www.phcogj.com mosquito control methods. It has been found that herbal extracts are one such safer alternative for mosquito control, especially the extracts of certain medicinal plants. Not only medicinal plant extracts can be effective but also they greatly reduce the risk of adverse ecological effects and they do not induce pesticide resistance in mosquitoes. Since these chemicals are taken from medicinal plants, they are expected to have low human toxicity and a high degree of biodegradation. [15] Recently many studies have been conducted in Sri Lanka and around the world have shown that medicinal plants have larvicidal, pupaecidal and adulticidal effects on mosquitoes. [16] The purpose of the present study was to investigate the antibacterial and larvaecidal potential of Vateria copallifera at the level of doses. Acetone extracts of various parts of the plant were evaluated against ten clinically important pathogenic bacterial strains. Commercially available antibiotics were used for comparison. The extract with the highest antibacterial activity was determined using zones of inhibition, MIC and MBC values and fractionated using column chromatography. Fractions were evaluated for antibacterial activity. Larvicidal activity of the plant was tested against third instar mosquito larvae of Culex quinquefasciatus and Aedes aegypti using various concentrations of acetone extracts of seed, bark, pericarp and leaves.
MATERIALS AND METHODS

Collection of plant material
Plants were collected from the Gampaha District, Sri Lanka and the plant was identified using morphological characters and the identity was confirmed as Vateria copallifera by comparing with herbarium specimens at Royal Botanical Garden, Peradeniya, Sri Lanka. Voucher specimens were deposited at the Botany Department, Bandaranayke Memorial Ayurvedic Research Institute, Nawinna, Maharagama, Sri Lanka.
Preparation of plant extracts
The collected plant materials, leaf, bark, seeds and pericarp (500 g from each) were washed and cleaned. The cleaned plant materials were chopped into small pieces; air dried and finely ground using a grinder. Acetone 99% (Fluka) was added to the ground plant materials and kept overnight at room temperature. The supernatant was decanted and filtered through Whatman # one filter paper. The filtrates were rotary evaporated to dryness under reduced pressure below 45 ºC. The resulting crude extracts were stored at -40 ºC until used. diseases caused by phlegm, bile and in rheumatism. Smoke of the resin exuded by the plant is used in the treatment of hemorrhoids and hemorrhages. [7] The bark is also used to arrest fermentation and the flour of seeds is used to prepare food.
[8] Previously isolated constituents of the plant are sitosterol, β-amyrin acetate, β-amyrin, dipterocarpol, copalliferol A and copalliferol B. [4, 9] Infectious diseases account for a high proportion of health problems, especially in developing countries. [10] Microorganisms have developed resistance to many antibiotics and this has created immense clinical problems in the treatment of infectious diseases. [11] The increasing resistance and side effects of popularly used chemotherapeutics has led to the search for new compounds with antimicrobial activity. [12] Secondary metabolites produced by plants constitute bioactive substances and scientific interest has increased in the search for new drugs from medicinal plants.
Dengue virus is a mosquito-borne flavivirus and the most prevalent arbovirus in tropical and subtropical regions of the world. [13] This infectious disease is now widely distributed in many countries in South-East and South Asia, Central and South America and the Western Pacific. As estimated 50 million dengue infections occur every year, including 50,000 cases of Dengue haemorrhagic fever (DHF) that require hospitalization -equivalent to one young life lost with DHF every 25 minutes. The dengue virus is transmitted by the mosquitoes, i.e. Aedes aegypti and Aedes albopictus. Today in Sri Lanka Dengue fever with its severe manifestation such as dengue haemorrhagic fever and dengue shock syndrome has emerged as a major mosquito-borne viral disease. Dengue is endemic in Sri Lanka and has become a major public health problem with frequent epidemics, which is getting worse each year.
Filariasis is one of the major vector borne diseases transmitted by Culex quinquefasciatus mosquito. Based on WHO report 2006a about 120 million people in 83 countries had been physically disabled. It has a cosmopolitan distribution and predominantly found in tropics and warm temperate regions. [14] Culex quinquefasciatus is a local vector of filariasis in Sri Lanka and they breed especially in water polluted with organic materials such as refuse and excreta or rotting plants, i.e. soak away pits, septic tanks, pit latrines, blocked drains, canals and abandoned wells. The only efficacious approach to minimize the incidence of filariasis is to eradicate and control Culex quinquefasciatus mosquito vector.
Vector control has been mainly affected by use of conventional insecticides but these have caused their own problems, such as adverse effects on the environment and the development of pesticide resistance in some mosquitoes. These problems have stimulated a search for safer alternative 
Determination of antibacterial activity by disc diffusion method
The disc diffusion assay was carried out to determine the growth of inhibition of bacteria by plant extracts. Each extract (100 mg) was dissolved in 1 ml of absolute ethanol (Fisher scientific) and 20 µl (equivalent to 2 mg of the dried extract) were impregnated on sterile 6 mm discs. Once ethanol had evaporated, the discs were kept in a refrigerator at 4º C for the duration of the assay. Muller Hinton agar media (Himedia) and petri dishes (9 cm) were sterilized at 120 ºC for 15 minutes. Plates were prepared by pouring 25 ml Muller Hinton agar medium into petri dishes and allowing it to set. Fresh bacterial strains cultured on Muller Hinton agar at 37 ºC were used for plate inoculation. Density of inoculums used was 10 6 cells/ml as compared to the Mc Farland standard solution of BaSO 4 . Previously prepared four discs from each seed, bark, leaf and pericarp were placed on the agar plates inoculated with bacteria. Air dried ethanol saturated discs were used as negative controls and sulphamethoxazole trimethoprim (25 µg) (Oxoid), ampicilin (10 µg) (Oxoid), erythromycin (15 µg) (Oxoid) were used as positive controls. The plates were incubated at 37 ºC overnight. Zone of inhibition caused by plant extracts, negative controls and positive controls were recorded.
Determination of MIC and MBC
Bacterial strains which showed a growth of inhibition for plant extracts were used to determine the MIC. The MIC of extracts was determined according to the macro dilution method as described by the National Committee for Clinical Laboratory Standards (1993). Nutrient broth (0.5ml) (Himedia) was added to test tubes one to eleven. An equal volume (0.5 ml) of extract (4 mg/ml) and was mixed well in the first test tube and transferred (0.5 ml) to the second test tube through tenth tube to obtain 4 mg/ml to 0.0078125 mg/ml concentrations of plant extracts. The eleventh test tube served as the control with no extract. Fresh cultures were diluted in sterile distilled water at a density adjusted to turbidity of 0.5 Mc Farland standards and added (50 µl) to each test tube. The test was carried out in duplicate and the tubes were incubated at 37 ºC overnight. The concentrations of absolute ethanol in tubes were kept below 10%. Pre experimental procedure showed that 10% absolute ethanol concentration did not inhibit growth of microorganisms. The lowest concentration of the extract that produced no visible bacterial growth (no turbidity) when compared with the control tube was regarded as the MIC. The tubes where the growth of microorganism was not visible were used to sub culture on Muller Hinton agar medium and the MBC was determined.
Bio assay guided fractionation of seed extract
The extract with highest antibacterial activity was subjected to thin layer chromatography (TLC) to determine the solvent system which gave the best separation of the extract. The extract was subjected to column chromatography with MeOH: CHCl 3: EtOAC (1: 4: 3) solvent system. Portions of the eluent (25 ml) were collected into clean separate test tubes. The same procedure was repeated until 1.2 liters were collected. The most polar fraction was eluted using 100% MeOH. Portions with the same TLC patterns were pooled together. Five different fractions, F1, F2, F3, F4, F5, were obtained and they were rotary evaporated to dryness. Antibacterial activities of five fractions were determined against the microorganisms that showed inhibition for the crude extract. The fraction that showed the highest antibacterial activity was chosen to study the effect of concentration on antibacterial activity.
Mosquito larvicidal bioassay
Mosquito larvicidal bioassays were carried out according to the WHO (2005) guidelines for laboratory and field testing of mosquito larvicides against Culex quinquefasciatus and Aedes aegypti. A known amount of each extract (leaf, bark, pericarp and seed) was dissolved in absolute ethanol to provide stock solutions. To determine the larvicidal activity of plant extracts, initially the mosquito larvae were exposed to 1000ppm concentration of plant extracts. Twenty five late 3 rd instar larvae were introduced in to clean disposable cups each containing 198 ml of distilled water and 2 ml of test solution. The final concentration of the test solution in the cups was 1000 ppm. Each experiment set contained three replicate controls which consisted of 2 ml ethanol and 198ml of distilled water. All the cups 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 www.phcogj.com
RESULTS
Zones of inhibition of specific concentrations (20 µl from 1000 µg/ml) of acetone extracts of various parts of Vateria copallifera, positive controls and negative control against ten pathogenic microorganisms are shown in Tables 1  and 2 respectively. Tables 3 and 4 present MIC and MBC of active plant extracts respectively. Tables 5 and 6 show the antibacterial activity of fractions (F1, F2, F3, F4 and F5) of seed extract and zones of growth inhibition of bacteria at different levels of fraction F2. Figure 1 represents the variation of zones of inhibition of microorganisms at different levels of fraction F2. Tables 7 and 8 present the larvicidal activity of each extract as LC 50 (mg/l) and LC 90 (mg/l).
were kept at room temperature and mortality was recorded after 48 hours. Plant extracts which showed mosquito larvicidal activity to 1000 ppm concentration were selected for further testing with lower concentrations (750 ppm, 500 ppm, 250 ppm, 125 ppm). The concentrations lethal to 50% (LC 50 ) and 90% (LC 90 ) of test organisms, 95% confidence interval and the slopes of probit regression line were determined by probit analysis to compare the effectiveness of extracts.
Statistical analysis
All the experiments were carried out in replicates of three. Results were expressed as Mean ± Standard Error of the mean or graphically, unless specified. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 www.phcogj.com the inhibited bacteria. The highest zone of inhibition, 21.66 ± 0 mm, was reported from leaf against Streptococcus faecalis ATCC 29212. According to the zones of inhibition Staphylococcus aureus NCTC 4163 was the most susceptible bacteria to all the plant extracts. On the contrary the lowest zone of inhibition for Gram-positive bacteria, 9.58 ± 0.51 mm, was reported against MRSA. The activity of pericarp was not that significant. It was difficult to determine which plant part had the highest antibacterial activity by considering only the zones of inhibition since the zones of inhibition are more or less the same for three of the extracts (except for pericarp). 
DISCUSSION
In the present study, the antibacterial activity of leaf, bark, seeds and pericarp of Vateria copallifera was carried out against ten clinically important pathogenic bacterial strains. Most studies on the family of Dipterocarpaceae have been limited only to the bark. Five of the bacterial strains used in this study were Gram-negative and the other five were Grampositive. All the extracts showed activity mainly against Grampositive strains. Only Gram-negative bacteria Pseudomonas aeruginosa NCTC 6749 and Pseudomonas aeruginosa ATCC 27853 showed inhibition with 7 mm ± 0 zones against leaf and bark respectively. Geevananda et al.1986 report that copalliferol B isolated from the bark exhibits pronounced antibacterial activity against Oxford staphylococcus and E. coli. However, the results obtained in the present work do not show such activity against Escherichia coli ATCC 25922 and E. coli O-157. This inconsistency may be due to the low concentration of the compound responsible for the inhibition of Gram-negative bacteria or the geographical source of the material. In general, Gram-negative bacteria are more resistant than Gram-positive bacteria. There is a morphological basis for the difference in susceptibilities. Gram-negative bacteria have an outer membrane composed mainly of lipopolysaccharide, which is rather impermeable to lipophilic molecules. Gram-positive bacteria lack this outer membrane but have a very much thicker peptidoglycan layer which is not an effective permeability barrier to hydrophilic solutes. [17] Tables 1 and 2 present the zones of inhibition of extracts, positive controls and negative control against tested bacterial strains. In general, all the extracts showed high antibacterial activity against Gram-positive bacteria. Zones of inhibition of extracts ranged from 7 ± 0 mm -22 ± 0.65 mm for all [18] By comparison, the standard zone diameter of inhibition obtained with the crude extracts of leaf, bark, seeds and pericarp suggest that they are promising antimicrobial agents against Staphylococcus aureus.
The MIC was determined only on microorganisms that were found to be sensitive in the disc diffusion method. The lowest MIC value corresponding to the seeds was > 0.015625 mg/ ml against MRSA. The highest MIC value of 0.25 mg/ml was reported against MRSA from pericarp. The lowest MBC values were reported from seeds against MRSA and Staphylococcus aureus NCTC 4163. This may indicate that the compound responsible for the antimicrobial activity is present in each extract as a mixture of compounds. On considering the zones of inhibition, MIC values and MBC values, it can be concluded that the highest antibacterial activity is shown by the seeds of Vateria copallifera. Hence, the acetone extract of seed was selected for further studies. For the separation of major and minor compounds in the seed extract thin layer chromatography was carried out and methanol: Cx.-Culex, n. a. -no activity chloroform: ethyl acetate (1:4:3) solvent system was found to be the most effective. Five major components were observed on the basis of spots and retention factor ( R f ) values and the extract was fractionated eluting the silica column with the same solvent system. The most polar fraction was eluted with 100% methanol. The fractions with similar R f values were pooled together and labeled accordingly. A total of five fractions were obtained and labeled as F1, F2, F3, F4 and F5. Varying degrees of growth inhibitions were shown by the five fractions against the same five pathogenic organisms which were inhibited by the crude (Table 5) . Based on the zone diameter of growth inhibition, fraction F2 was found to have the maximum growth inhibition activity against the tested microorganisms. Moderate growth inhibition was reported from fractions F3, F4 and F5. Fraction F1 slightly inhibited the growth of only two microorganisms, namely, Staphylococcus aureus NCTC 4163 and MRSA. Since F2 reported the highest growth of inhibition against five tested pathogenic microorganisms, the variation of growth inhibition was studied as a function of amount F2. The results are shown in Table  6 and Figure 1 . The results indicate that the growth inhibition increases with the increasing amount of F2.
